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Preliminary Classification: 
Proposed Class: 
Subdlass: 

NOTE: "All applicants are requested to include a preliminary classification on newly filed patent 

applications. The preliminary classification, preferably class and subclass designations, should be 
identified in the upper right-hand comer of the letter of transmittal accompanying the application 
papers, for example 'Proposed Class 2, subclass 129.' " M.P.E.P., § 601, 7th ed. 



TRANSMITTAL LETTER 
TO THE UNITED STATES ELECTED OFFICE (EO/US) 

(ENTRY INTO U.S. NATIONAL PHASE UNDER CHAPTER II) 

PCT/JP98/05098 12 November 1998 12 November 1997 

, INTERNATIONAL APPLICATION NO. INTERNATIONAL FIUNG DATE PRIORfTY DATE CLAIMED 

CATALYST ELEMENT AND CATALYST STRUCTURE FOR PURIFYING EXHAUST GAS, 
title of invention PROCESS FOR PRODUCING THE SAME, EXHAUST GAS PURIFYING 

APPARATUS, AND PROCESS FOR PURIFYING EXHAUST HAS TTSTNG THE SAME 

APPLICANTS) 

KATO, Yasuyoshi; NAGAI, Yoshinori; YOKOYAMA, Kouichi; YOSHIDA, Naomi ; 
Box MICHTJyOTO, Takashi; MIYAMOTO, Eiji; and, FUJISAMA, Masatoshi 
Assistant Commissioner for Patents 
Washington D.C. 20231 
ATTENTION: EO/US 



CERTIFICATION UNDER 37 C.F.R. 8 1*10* 

(Express Mail label number Is mandatory.) 
(Express Mail certification Is optional) 

I hereby certify that this Transmittal Letter and the papers indicated asibeing transmitted therewith is being 

deposited with the United States Postal Service on this date olfmoo , in an envelope as 

"Express Mail Post Office to Addressee" Mailing Label Number EL530713397 , addressed to the: 

Assistant Commissioner for Patents, Washington, D.C. 20231. f i rv i 

(type or 



Signature of person mailing paper 
WARNING: Certificate of mailing (first class) or facsimile transmission procedures of 37 C.F.R. §1.8 cannot be 

used to obtain a date of mailing or transmission for this correspondence. 
"WARNING: Each paper or fee filed by "Express Mail" must have the number of the "Express Mail" mailing label 
placed thereon prior to mailing. 37 C.F.R. § 1.10(b). 

"Since the filing of correspondence under § 1. 10 without the Express Mail mailing label thereon 
is an oversight that can be avoided by the exercise of reasonable care, requests for waiver of this 
requirement will not be granted on petition. " Notice of Oct 24. 1996, 60 Fed. Reg. 56,439, at 56,442. 
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NOTE: To avoid abandonment of the application, the applicant shall furnish to the USPTO, not later than 20 
months from the priority date: (1) * copy of the international application, unless it has been previously 
communicated by the International Bureau or unless it was originally fUed in the USPTO; and (2) the 
basic national fee (see 37 C.F.R. § 1.492(a)). The 30-month time limit may not be extended. 37 C.F.Ft. 
§ 1.495. 

WARNING: Where the items are those which can be submitted to complete the entry of the international 
application into ths national phase are subsequent to 30 months from the priority date the 
application is still considered to be in the international state and if mailing procedures are utilized 
to obtain a date the express mail procedure of 37 C.F.R. J 1.10 must be used (since international 
application papers are not covered by an ordinary certificate of mailing— See 37 C.F.R. § 1.8. 
NOTE: Documents and fees must be clearly identified as a submission to enter the national state under 35 
U.S.C. § 371 otherwise the submission will be considered as being made under 35 US.C. § 111. 37 
C.F.R. § 1.494(f). 

I. Applicant herewith submits to the United States Elected Office (EO/US) the following 
items under 35 U.S.C. § 371: 

a. B3 This express request to immediately begin national examination procedures 

(35 U.S.C. § 371(f)). 

b. m The U.S. National Fee (35 U.S.C. § 371 (c)(1)) and other fees (37 C.F.R. § 1 .492) 

as indicated below: 
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INDEPENDENT 
CLAIMS 



(3) NUMBER 
EXTRA 



MULTIPLE DEPENDENT CLAIM(S) frf applicable) 



□ U.S. PTO WAS INTERNATIONAL PRELIMINARY EXAMINATION 
AUTHORITY 

Where an Internationa! preliminary examination fee as set forth 
in § 1.482 has been paid on the international application to the 
U.S. PTC: 

□ and the international preliminary examination report 
states that the criteria of novelty, inventive step (non- 
obviousness) and industrial activity, as defined in PCT 
Article 33(1) to (4) have been satisfied for all the 
claims presented in the application entering the 
national stage (37 C.F.R. § 1.492(a)(4)) $96.00 

□ and the above requirements are not met (37 C.F.R. 

§ 1.492(a)(1)) $670.00 

U.S. PTO WAS NOT INTERNATIONAL PRELIMINARY 
EXAMINATION AUTHORITY 

Where no International preliminary examination fee as set forth 
In § 1.482 has been paid to the US. PTO, and payment of an 
international search fee as set forth in § 1.445(a)(2) to the US. 
PTO: 

□ has been paid (37 C.F.R. § 1.492(a)(2)) $760.00 

□ has not been paid (37 C.F.R. § 1.492(a)(3)) $970.00 

E where a search report on the International application 

has been prepared by the European Patent Office or 

the Japanese Patent Office (37 C.F.R. 

§ 1.492(a)(5) ) $840.00 



Total of above Calculations 



Reduction by 1/2 for filing by small entity, if applicable. Affidavit 
must be filed also, (note 37 C.F.R. § 1.9, 1.27, 1.28} 



Total National Fee 



Fee for recording the enclosed assignment document $40.00 (37 
C.F.R. § 1.21(h)). (See Kern 13 below). See attached -ASSIGNMENT 
COVER SHEET". 

Total Fees enclosed $ 



(5) CALCULA- 
TIONS 
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*See attached Preliminary Amendment Reducing the Number of Claims. 

I. |A check in the amount of $972 to cover the above fees is enclosed. 

ii. □ Please charge Account No In the amount of $ 

A duplicate copy of this sheet is enclosed. 
"WARNING: "To avoid abandonment of the application the applicant shall furnish to the United States Patent 
and Trademark Office not later than the expiration of 30 months from the priority date: " ' (2) 
the basic national fee (see § 1.492(a)). The 30-month time limit may not be extended. "37 C.F.R. 
§ 1.495(b). 

WARNING: If the translation of the international application and/or the oath or declaration have not been 
submitted by the applicant within thirty (30) months from the priority date, such requirements may 
be met within a time period set by the Office. 37 C.F.R. § 1.495(b)(2). The payment of Vie surcharge 
set forth in § 1.492(e) is required as a condition for accepting the oath or declaration later than 
thirty (30) months after the priority date. The payment of the processing fee set forth in § 1.492(f) 
is required for acceptance of an English translation later than thirty (30) months after the priority 
date. Failure to comply with these requirements will result in abandonment of the application. The 
provisions of § 1.136 apply to the period which is set. Notice of Jan. 3. 1993, 1147 O.G. 29 to 
40. 

3. [23 A copy of the International application as filed (35 U.S.C. § 371(c)(2)): 

NOTE: Section 1.495 (b) was amended to require that the basic national fee and a copy of the international 
application must be filed with the Office by 30 months from the priority date to avoid abandonment. 
"The International Bureau normally provides the copy of the international application to the Office in 
accordance with PCT Article 20. At the same time, the International Bureau notifies applicant of the 
communication to the Office. In accordance with PCT Rule 47.1, that notice shall be accepted by all 
designated offices as conclusive evidence that the communication has duly taken place. Thus, if the 
applicant desires to enter the national stage, the applicant normally need only check to be sure the 
notice from the international Bureau has been received and then pay the basic national fee by 30 months 
from the priority date." Notice of Jan. 7, 1993, 1147 O.G. 29 to 40, at 35-36. See item 14c below. 

a. □ is transmitted herewith. 

b. □ is not required, as the application was filed with the United States 

Receiving Office. 

c. E! has been transmitted 

i. 20 by the International Bureau. 

Date of mailing of the application (from form PCT/1B/308): 20 May, 1999 

ii. □ by applicant on (Date). 

4. E A translation of the International application into the English language 

(35 U.S.C. § 371(c)(2)): 

a. HI Is transmitted herewith. 

b. □ is not required as the application was filed in English. 

c. □ was previously transmitted by applicant on (Date). 

d. □ will follow. 
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5. 0 Amendments to the claims of the International application under PCT Article 1 9 

(35 U.S.C. § 371(c)(3)): 
NOTE: The Notice of January 7, 1993 points out that 37 C.F.R. § 1.495(a) was amended to clarify the existing 
and continuing practice that PCT Article 19 amendments must be submitted by 30 months from the 
priority date and this deadline may not be extended. The Notice further advises that: "The failure to 
do $0 witt not result In loss of the subject matter of the PCT Article 19 amendments. Applicant may 
submit that subject matter in a preliminary amendment filed under section 1.121. In many cases, filing 
an amendment under section 1.121 is preferable since grammatical or Idiomatic errors may be 
corrected." 1147 O.G. 29-40, at 36. 

a. □ are transmitted herewith. 

b. □ have been transmitted 

i. □ by the International Bureau. 

Date of mailing of the amendment (from form PCT/1 B/308): 

ii. □ by applicant on (Date). 

c. E have not been transmitted as 

i. CHI applicant chose not to make amendments under PCT Article 19. 

Date of mailing of Search Report (from form PCT/ISA/210.):16 Feb. 1999 

ii. □ the time limit for the submission of amendments has not yet expired. 
The amendments or a statement that amendments have not been made 
will be transmitted before the expiration of the time limit under 
PCT Rule 46.1. 

6. 03 A translation of the amendments to the claims under PCT Article 19 

(38 U.S.C. § 371(c)(3)): 

a. □ is transmitted herewith. 

b. □ is not required as the amendments were made in the English language. 

c. CS3 has not been transmitted for reasons indicated at point 5(c) above. 

7. m A copy of the international examination report (PCT/IPEA/409) 

C3 is transmitted herewith. 

□ is not required as the application was filed with the United States Receiv- 
ing Office. 

8. □ Annex(es) to the international preliminary examination report 

a. □ is/are transmitted herewith. 

b. □ is/are not required as the application was filed with the United States 
Receiving Office. 

0. □ A translation of the annexes to the international preliminary examination report 

a. □ Is transmitted herewith. 

b. □ is not required as the annexes are in the English language. 
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10. (3 An oath or declaration of the inventor (35 U.S.C. § 371(c)(4)) complying with 

35 U.S.C. § 115 

a. □ was previously submitted by applicant on (Date). 

b. □ is submitted herewith, and such oath or declaration 

i. □ is attached to the application. 

ii. □ identifies the application and any amendments under PCT Article 
19 that were transmitted as stated in points 3(b) or 3(c) and 5(b); and 
states that they were reviewed by the inventor as required by 

37 C.F.R. § 1.70. 

c. C3 will follow. 

II. Other documents) or information included: 

11. 03 An International Search Report (PCT/ISA/210) or Declaration under 

PCT Article 17(2)(a): 

a. El is transmitted herewith. 

b. fJ3 has been transmitted by the International Bureau. 

Date of mailing (from form PCT/IB/308): 20 Ma v !999 

c. □ is not required, as the application was searched by the United States 
International Searching Authority. 

d. □ will be transmitted promptly upon request. 

e. □ has been submitted by applicant on (Date). 

12. 03 An information Disclosure Statement under 37 C.F.R. §§ 1.97 and 1.98: 

a. □ is transmitted herewith. 

Also transmitted herewith is/are: 

□ Form PTO-1449 (PTO/SB/08A and 08B). 

□ Copies of citations listed. 

b. E3 will be transmitted within THREE MONTHS of the date of submission 
of requirements under 35 U.S.C. § 371(c). 

c. □ was previously submitted by applicant on (Date). 

13. □ An assignment document is transmitted herewith for recording. 

A separate □ "COVER SHEET FOR ASSIGNMENT (DOCUMENT) ACCOMPA- 
NYING NEW PATENT APPLICATION" or □ FORM PTO 1595 is also attached. 
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14. 0 Additional documents: 

a. 0 Copy of request (PCT/RO/101) 

b. El International Publication No. W099/241 6 5 

i. □ Specification, claims and drawing 

ii. M Front page only 

c. m Preliminary amendment (37 C.F.R. § 1.121) 

d. ^ Other 

PCT Form IB/301 and PCT Form IB/332 



15. 03 The above checked items are being transmitted 

a. H before 30 months from any claimed priority date. 

b. □ after 30 months. 

16. □ Certain requirements under 35 U.S.C. § 371 were previously submitted by the 

applicant on , namely: 



AUTHORIZATION TO CHARGE ADDITIONAL FEES 

WARNING: Accurately count claims, especially multiple dependant claims, to avoid unexpected high charges 
if extra claims are authorized. 

NOTE: "A written request may be submitted in an application that is an authorization to treat any concurrent 
or future reply, requiring a petition for an extension of time under this paragraph for its timely submission, 
as incorporating a petition for extension of time for the appropriate length of time. An authorization to 
charge all required fees, fees under § 1.17, or all required extension of time fees will be treated as 
a constructive petition for an extension of time in any concurrent or future reply requiring a petition 
for an extension of time under this paragraph for its timely submission. Submission of the fee set forth 
in § 1.17(a) wit! also be treated as a constructive petition for an extension of time in any concurrent 
reply requiring a petition for an extension of time under this paragraph for its timely submission." 37 
C.F.R. § 1.136(a)(3). 

NOTE: "Amounts of twenty-five doltars or less will not be returned unless specifically requested within a 
reasonable time, nor will the payer be notified of such amounts; amounts over twenty-five dollars may 
be returned by check or. if requested, by credit to a deposit account. ' 37 C.F.R. § 1.26(a). 



fj The Commissioner is hereby authorized to charge the following additional 



m 37 C.F.R. § 1.492(a)(1), (2), (3), and (4) (filing fees) 
WARNING: Because failure to pay the national fee within 30 months without extension (37 C.F.R. § 1.495&X2)) 
results in abandonment of the application, it would be best to always check the above box. 



fees that may be required by this 
this application to Account No. _ 




and during the entire pendency of 
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GO 37 C.F.R. § 1.492(b), (c) and (d) (presentation of extra claims) 
NOTE: Because additional fees for excess or multiple dependent claims not paid on filing or on later presentation 
must only be paid or these claims cancelled by amendment prior to the expiration of the time period 
set for response by the PTO in any notice of fee deficiency (37 C.F.R. $ 1.492(d)), It might be best 
not to authorize the PTO to charge additional claim fees, except possible when dealing with amendments 
after final action. 

□ 37 C.F.R. § 1.17 (application processing fees) 

□ 37 C.F.R. § 1.17(a)(1H5) (extension fees pursuant to § 1.136(a). 

□ 37 C.F.R. §1.18 (issue fee at or before mailing of Notice of Allowance, 
pursuant to 37 C.F.R. § 1.311(b)) 

NOTE: Where an authorization to charge the issue fee to a deposit account has been filed before the mailing 
of a Notice of Allowance, the issue fee will be automatically charged to the deposit account at the time 
of mailing the notice of allowance. 37 C.F.R. § 1.311(b). 

NOTE: 37 C.F.R. § 1.23(b) requires "Notification of any change in loss of entitlement to small entity status most 
be filed in the application . . .prior to paying, or at the time of paying. . .Issue fee." From the wording 
of 37 C.F.R. § 1.28(b): (a) notification of change of status must be made even If the fee is paid as "other 
than a small entity" and (b) no notification is required if the change is to another small entity. 

CS 37 C.F.R. § 1 .492(e) and (f) (surcharge fees for filing the declaration 
and/or filing an English translation of an International Application later 
than 30 months after the priority date). 




Reg. No.: 24,175 

Tel. No.: ( 216 )861-5582 (type or print name of practitioner) 

FAY, SHARPE, FAGAN, 
MINNICH & McKEE . LLP 



P.O. Address 

1100 Superior Avenue 



Seventh Floor 

Cleveland, Ohio 44114-2518 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant 



Yasuyoshi Kato et al . 



Serial No. 



Unknown 



Filed 



Herewith 



Title 



CATALYST ELEMENT AND CATALYST 
STRUCTURE FOR PURIFYING EXHAUST 
GAS, PROCESS FOR PRODUCING THE 
SAME, EXHAUST GAS PURIFYING 
APPARATUS, AND PROCESS FOR 
PURIFYING EXHAUST GAS USING THE 
SAME 



Attorney Docket 



KAW 2 097 



Assistant Commissioner For Patents 
Washington, D.C. 20231 
BOX PCT 

Attention: EO/US 



PRELIMINARY AMENDMENT 



Dear Sir: 

Prior to calculation of the filing fee and substantive 
examination of the above -identified patent application, please 
amend the application as follows: 

IN THE SPECIFICATION : 

Page 30, line 18, delete "ceramic" and substitute therefor: 
glass fiber---. 

Page 32, line 12, delete "ceramic" and substitute therefor: 
glass fiber . 

Page 38, line 6, delete "ceramic" and substitute therefor: 
glass fiber . 

Page 38, line 12, delete "ceramic substrates are" and 

substitute therefor: a glass fiber or metal lath substrate 

is . 

Page 47, line 10, delete "ceramic" and substitute therefor: 
glass . 

IN THE CLAIMS : 

Please amend claims 3-6, 14-16, and 18-21, as follows s 

3. (Amended) The catalyst structure for purifying an 
exhaust gas according to [claim 1 or 2] claim 1 wherein the 



length of the flat plate portions and the height of the level- 
changing portions are the same in each of the catalyst elements. 

4 . (Amended) The catalyst structure for purifying an 
exhaust gas according to [claim 1 or 2] claim 1 wherein a 
relation of 

p>s 

exists between the length p of the flat plate portions and the 
height s of the level -changing portions in the catalyst elements, 
and the angle formed between the level -changing portions and the 
flat plate portions in the catalyst elements is 90° or more. 

5 . (Amended) The catalyst structure for purifying an 
exhaust gas according to [claim 1 or 2] claim 1 wherein the 
length of each of the catalyst elements is an integral multiple 
of the sum of the height of the level -changing portions and the 
length of the flat plate portions. 

6. (Amended) The catalyst structure for purifying an 
exhaust gas according to [any one of claims 1 to 5] claim 1 
wherein each of the catalyst elements are formed by applying a 
catalyst component containing at least two metals selected from 
the group consisting of titanium, vanadium, molybdenum, and 
tungsten to a metallic, ceramic, or glass netlike substrate such 
that the catalyst component is filled in the meshes of the 
netlike substrate. 

14 . (Amended) The catalyst structure for purifying an 
exhaust gas according to [claim 12 or 13] claim 12 wherein the 
angle formed between the flat surface of the level -changing 
portion at the ends of the catalyst element and the line which 
connects corresponding vertexes of the level -changing portions 
being 90°. 

15. (Amended) The catalyst structure for purifying an 
exhaust gas according to [any one of claims 12 to 14] claim 12 
wherein the catalyst elements are formed by applying a catalyst 
component containing at least two metals selected from the group 
consisting of titanium, vanadium, molybdenum, and tungsten to a 



-2- 



metallic, ceramic, or glass netlike substrate so that the 
catalyst component is filed in the meshes of the netlike 
substrate . 

16. (Amended) The catalyst structure for purifying an 
exhaust gas according to [any one of claims 12 to 15] claim 12 
wherein the catalyst elements are stacked through a metallic, 
ceramic, or glass netlike member interposed therebetween and 
having a large number of perforated holes . 

18 . (Amended) The catalyst structure for purifying an 
exhaust gas according to [claim 16 or 17] claim 16 wherein the 
diameter of the wires or fibers in the wire cloth, or woven 
fabric of ceramic or glass fibers, in the direction perpendicular 
to that of gas flow is larger than the diameter of the wires or 
fibers in the direction along that of the gas flow. 

19. (Amended) The catalyst structure for purifying an 
exhaust gas according to [any one of claims 16 to 18] claim 16 
wherein the ceramic or glass fiber woven fabric is reinforced by 
impregnating it with an inorganic binding material. 

20. (Amended) The catalyst structure for purifying an 
exhaust gas according to [claim 17 or 18] claim 17 wherein a 
catalyst component containing at least one metal selected from 
the group consisting of titanium, vanadium, molybdenum, and 
tungsten is supported on the surface of the wire cloth, or woven 
fabric of ceramic or glass fibers. 

21. (Amended) An apparatus for purifying an exhaust gas 
comprising the catalyst structure defined in [any one of claims 
1 to 6, and 12 to 2 0] claim 1 placed in an exhaust gas flow 
passage . 



REMARKS 



It is respectfully submitted that the above amendment places 
the application in better condition for examination. 



FAY, SHARPE, FAGAN, 

MINNICH & McKEE, LLP 
1100 Superior Avenue 
Seventh Floor 
Cleveland, Ohio 44114-2518 
(216) 861-5582 



CERTIFICATE OF MAILING 
I hereby certify that this Preliminary Amendment is being 
deposited with the United States Postal Service as Express Mail 
No. EL530713397 in an envelope addressed to: Assistant 
Commissioner For Patents, Washington, D . C .J2.0 2 31, on 



Respectfully submitted, 




Richard J\ M^hnlich, 
Reg. No. 24,175V, 



lissiqi 

Sjml 




Charles Dunbar 
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SPECIFICATION 



Catalyst Element and Catalyst Structure for Purifying 
Exhaust Gas, Process for Producing the Same, Exhaust Gas 
Purifying Apparatus, and Process for Purifying Exhaust Gas 
Using the Same ' 
TECHNICAL FIELD 

The present invention relates to catalyst elements and 
catalyst structures for purifying exhaust gases; processes for 
producing the catalyst elements and catalyst structures; 
apparatuses for purifying exhaust gases; and processes for 
purifying exhaust gases by using the apparatus. Particularly, 
the invention relates to catalyst elements and catalyst 
structures, used for purifying exhaust gases, in which airflow 
loss is small, dust in an exhaust gas is hardly deposited, and 
the contact between the gas, to be treated, with a catalyst is 
increased to greatly raise the reaction speed; processes for 
producing the catalyst elements and catalyst structures; exhaust 
gas purifying apparatuses; processes for purifying exhaust gases 
by using the apparatus. 
BACKGROUND ART 

Nitrogen oxides (No x ) in exhaust gases discharged from power 
plants, various plants, automobiles, and others are causative 
agents for photochemical smog and acid rain. As a method for 
efficiently removing NO x , an exhaust gas denitration method by 
selective catalytic reduction using ammonia (NH 3 ) or the like as 
reducing agent has widely been employed. As catalyst, a 



2 

titanium dioxide (Ti0 2 ) type catalyst containing vanadium (V), 
molybdenum (Mo), or tungsten (W) as active component has been 
used. Particularly, a catalyst containing vanadium as one of 
the active components has become a mainstream of current 
5 denitration catalysts since the catalyst is not only high in 

activity, but also is small in deterioration due to impurities 
contained in exhaust gases and can be used from a comparatively 
low temperature (Laid-open Japanese Patent Publication No. Sho 
50-128681 and others). 
^10 For example, a catalyst structure is known which is produced 

yj by using metal laths to which aluminum is flame sprayed, or 

53 woven fabrics or nonwoven fabrics of ceramic fibers as 

-p substrates, coating a catalyst component thereon, rolling the 

2 metal laths or the fabrics to obtain plate-shaped catalysts 

Zj-5 (catalyst elements), processing them into such a waveform as 
J: shown in Fig. 15 (a), and then assembling two or more of the 

waveform catalysts in a stacked state as its cross sectional 
side view is shown in Fig. 15 (b) (Laid-open Japanese Patent 
Publication Nos. Sho 54-79188 and Sho 59-73053). On the other 
20 hand, other catalyst structures are known in which one of other 
waveforms of catalysts, or one of other waveforms of catalysts 
and flat catalysts are combined. For example, catalyst 
structures cross sectional side view of which are shown in Fig. 
16 (a), (b), or (c) are specifically known (Laid-open Japanese 
25 Patent Publication Nos. Sho 53-136656 and Sho 64-12627). 

However, catalyst structures produced by stacking 
conventional catalyst elements have a high pressure loss. 
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Besides, it is difficult to obtain catalyst structures having a 
sufficiently high strength from conventional catalyst elements 
since they are apt to deform. Further, conventional catalyst 
structures have such a problem that a high catalytic activity 
5 can not be obtained since contact area between catalyst elements 
is large leading to a narrow effective catalyst area, and thus 
dust is apt to deposit in the structures. 

First object of the present invention is to provide catalyst 
elements and catalyst structures having advantages that dust is 
10 hardly deposited between catalyst elements and that the elements 
= and structures have a sufficiently high strength even when the 

1 thickness of the elements is reduced. 

Second object of the present invention is to provide 

2 processes by which catalyst elements and catalyst structures can 
JL5 be produced economically and in large quantities. 

Third object of the present invention is to provide catalyst 
structures in which the contact area between catalyst elements 
is small and thus catalysts are efficiently used. 

Fourth object of the present invention is to provide 

20 apparatuses and processes for purifying exhaust gases in which 
the gas flow in a gas flow passage is disturbed to increase the 
contact between the gas, to be treated, with a catalyst thereby 
catalytic activity can be improved. 
DISCLOSURE OF THE INVENTION 

25 The present invention is summarized as follows : 

(1) A catalyst structure for purifying an exhaust gas 
comprising a stack of two or more catalyst elements and a frame 
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to house the stack, 

each of the catalyst elements being formed by bending a 
rectangular or square plate supporting a catalyst component on 
its surface into a shape of stairs in the direction parallel to 
5 the direction of a pair of sides of the plate at a predetermined 
interval so that flat plate portions (hereinafter "flat plate 
portions" means portions corresponding to tread portions in 
stairs as shown in Figures ) and level-changing portions 
p (hereinafter "level-changing portions" means portions 

LA 0 corresponding, for example, to riser (upright) portions in 
p stairs or the portions similar thereto as shown Figures) are 

tf alternately formed in the element, 

~y "the catalyst elements being stacked such that the position 

y of the level -changing portions are shifted by a predetermined 

i=5 length between adjoining catalyst elements, and 
~ r 2- the catalyst elements forming gas flow passages having a 

rectangular or rhombic cross section between the adjoining 

catalyst elements. 

(2) The catalyst structure for purifying an exhaust gas 

20 recited in paragraph (1) above wherein a catalyst element in the 
stack is contacted with adjoining catalyst elements at three or 
more points at the ends of the level-changing portions and in 
the vicinity thereof in total to support each other. 

(3) The catalyst structure for purifying an exhaust gas 

25 recited in paragraph (1) or (2) above wherein the length of the 
flat plate portions and the height of the level-changing 
portions are the same in each of the catalyst elements. 
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(4) The catalyst structure for purifying an exhaust gas 
recited in paragraph ( 1 ) or (2) above wherein a relation of 
p>s 

exists between the length p of the flat plate portions and the 
5 height s of the level-changing portions in the catalyst 

elements, and the angle formed between the level-changing 
portions and the flat plate portions in the catalyst elements is 
90° or more (as shown in Fig. 2). 
r=l (5) The catalyst structure for purifying an exhaust gas 

IjfLO recited in paragraph (1) or (2) above wherein the length of each 
q of the catalyst elements is an integral multiple of the sum of 

? S the height of the level-changing portions and the length of the 

flat plate portions. 
S (6) The catalyst structure for purifying an exhaust gas 

Ml 5 recited in any one of paragraphs (1) to (5) wherein each of the 
O catalyst elements are formed by applying a catalyst component 

containing at least two metals selected from the group 
consisting of titanium, vanadium, molybdenum, and tungsten to a 
metallic, ceramic, or glass netlike substrate such that the 
20 catalyst component is filled in the meshes of the netlike 
substrate. 

(7) A catalyst element used for the catalyst structure for 
purifying an exhaust gas recited in paragraph ( 1 ) above and 
formed by bending a rectangular or square plate supporting a 
25 catalyst component on its surface into a shape of stairs in the 
direction parallel to the direction of a pair of sides of the 
plate at a predetermined interval so that flat plate portions 
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and level -changing portions are alternately formed in the 
element . 

(8) A process for producing a catalyst structure for purifying 
an exhaust gas comprising forming a predetermined length of flat 

5 plate portions and a predetermined height of level-changing 
portions alternately in a belt-shaped substrate for catalyst 
element so that a stairs-like substrate is prepared, cutting in 
turn the flat plate portions of the stairs-like substrate thus 
q obtained in the direction parallel to the direction of the edges 

ijj.0 formed by the level-forming portions and the flat plate portions 
S such that the following relation is established between the 

whole length W of each of the cut catalyst elements and the 
+ distance L between adjacent level-changing portions in each of 

O the elements : 

pt5 W = nXL + L- d 

□ wherein n represents the number of the level-changing 

" portions per one sheet of the element, and d represents a 

constant which is smaller than L but larger than 0, 
to form two or more catalyst elements, and then stacking the 
20 catalyst elements (as shown in Fig. 3). 

(9) The process for producing a catalyst structure for 
purifying an exhaust gas recited in paragraph (8) above wherein 
a catalyst component having a catalytic activity is supported on 
the belt-shaped substrate for an catalyst element before or 

25 after the belt-shaped substrate is cut into catalyst elements 
having a predetermined whole length of W. 

(10) A process for producing a catalyst structure for purifying 
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an exhaust gas comprising cutting in advance a belt-shaped 
substrate for catalyst element to such a predetermined length 
that the following relation is established between the whole 
length W of each of the catalyst elements and the distance L 
5 between adjacent level-changing portions in each of the elements 
to be formed: 

W = nXL + L- d 

wherein n represents the number of the level-changing 
--_ portions per one sheet of the element, and d represents a 

10 constant which is smaller than L but larger than 0, 
: -~ to obtain two or more unit catalyst elements, forming a 

predetermined length of flat plate portions and a predetermined 
height of level-changing portions alternately in each of the 
catalyst elements so that the position of the flat plate 
15 portions and the level-changing portions to be formed are each 
^ shifted by a length of d between adjoining catalyst elements, 

and then stacking the catalyst elements. 

(11) The process for producing a catalyst structure for 
purifying an exhaust gas recited in paragraph (10) above wherein 

20 a catalyst component is supported on the belt-shaped substrate 
for catalyst element before or after the substrate is cut into 
catalyst elements having a predetermined whole length of w. 

(12) A catalyst structure for purifying an exhaust gas 
comprising a stack of two or more catalyst elements and a frame 

25 to house the catalyst elements, 

each of the catalyst elements being shaped in stairs-like by 
alternately forming flat plate portions and level-changing 
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portions therein , 

in each of the catalyst elements , the angle formed between 
the line which connects corresponding vertexes of adjacent 
level-changing portions in a catalyst element and the flat 
5 surface in the level-changing portion being less than 90° , 
the catalyst elements being stacked so that adjoining 
catalyst elements are contacted with each other at least at a 
vertex of a catalyst element, and 
p the catalyst elements forming gas flow passages having a 

yfO rectangular or rhombic cross section between the adjoining 
p catalyst elements. 

'!= (13) The catalyst structure for purifying an exhaust gas 

+= recited in paragraph (12) above wherein the catalyst elements 

H are housed with both ends in the direction in which the flat 

ML 5 plate portions and level-changing portions are formed in a line 
Q being level-changing portions . 

(14) The catalyst structure for purifying an exhaust gas 
recited in paragraph (12) or (13) above wherein the angle formed 
between the flat surface of the level-changing portion at the 

20 ends of the catalyst element and the line which directly 

connects the vertex of the level-changing portions being 90°. 

(15) The catalyst structure for purifying an exhaust gas 
recited in any one of paragraphs (12) to (14) above wherein the 
catalyst elements are formed by applying a catalyst component 

25 containing at least two metals selected from the group 

consisting of titanium, vanadium, molybdenum, and tungsten to a 
metallic, ceramic, or glass netlike substrate so that the 
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catalyst component is filled in the meshes of the netlike 
substrate . 

(16) The catalyst structure for purifying an exhaust gas 
recited in any one of paragraphs (12) to (15) above wherein the 

5 catalyst elements are stacked through a metallic, ceramic, or 

glass net like member interposed therebetween and having a large 
number of perforated holes . 

(17) The catalyst structure for purifying an exhaust gas 
p recited in paragraph (16) above wherein the netlike member 

y|0 interposed between the catalyst elements is a wire cloth, or a 
pi woven fabric of ceramic or glass fibers . 

"if (18) The catalyst structure for purifying an exhaust gas 

^ recited in paragraph (16) or (17) above wherein the diameter of 

O the wires or fibers in the wire cloth, or woven fabric of 

NL5 ceramic or glass fibers, in the direction perpendicular to the 
o direction of gas flow is larger than the diameter of the wires 

or fibers in the direction along the direction of the gas flow. 

(19) The catalyst structure for purifying an exhaust gas 
recited in any one of paragraphs (16) to (18) wherein the 

20 ceramic or glass fiber woven fabric is reinforced by 
impregnating it with an inorganic binding material. 

(20) The catalyst structure for purifying an exhaust gas 
recited in paragraph (17) or (18) above wherein a catalyst 
component containing at least one metal selected from the group 

25 consisting of titanium, vanadium, molybdenum, and tungsten is 
supported on the surface of the wire cloth, or woven fabric of 
ceramic or glass fibers. 
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(21) An apparatus for purifying an exhaust gas comprising the 
catalyst structure defined in any one of paragraphs ( 1 ) to ( 6 ) , 
and (12) to (20) above placed in an exhaust gas flow passage. 

(22) A process for purifying an exhaust gas by using the 

5 apparatus for purifying an exhaust gas recited in paragraph (21) 
above . 

(23) A process for purifying an exhaust gas comprising 
decomposing and removing nitrogen oxides in an exhaust gas by 

~ using the apparatus for purifying an exhaust gas defined in 
10 paragraph (21) above . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 (a) is a perspective view of a catalyst element of 
the present invention, and Fig. 1 (b) is a cross-sectional view 
of the catalyst structure obtained by stacking two or more of 
15 the catalyst elements . 

Fig. 2 is a diagram showing measurements of a catalyst 
element of the present invention. 

Figs. 3 arid 4 are diagrams for illustrating a process for 
producing a catalyst element of the present invention. 
20 Fig. 5 is an auxiliary diagram for illustrating a problem of 

catalyst structures produced by the conventional technology. 

Fig. 6 is a diagram for illustrating a characteristic of the 
present invention. 

Fig. 7 (a) and (b) are diagrams showing another catalyst 
25 element of the present invention and the catalyst structure 
obtained by stacking two or more the catalyst elements , 
respectively . 
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Figs. 8 and 9 are partially enlarged cross-sectional views 
of other catalyst elements of the present invention. 

Fig. 10 (a) and (b) are diagrams showing stacked conditions 
of catalyst elements in the present invention. 

Fig. 11 is an enlarged drawing showing a condition of an end 
of a stacked catalyst elements in another catalyst structure of 
the present invention. 

Fig. 12 (a), (b), and (c) are diagrams for illustrating an 
example in which netlike members are interposed between catalyst 
elements . 

Fig. 13 is a partial cross -sectional view for illustrating a 
function in the present invention. 

Fig. 14 is a diagram showing the relation between the 
diameter of fibers arranged longitudinally or laterally in a 
woven fabric used in the present invention and the direction of 
gas flow, respectively. 

Fig. 15 (a) and (b) are diagrams showing another catalyst 
element produced by the conventional technology and a stacked 
condition thereof, respectively. 

Fig. 16 (a), (b), (c) are diagrams showing still other 
examples of catalyst structures produced by the conventional 
technology . 

BEST MODE FOR CARRYING OUT THE INVENTION 

Now, the present invention will be described in more detail 
with reference to drawings. 

As shown in Fig. 1 (a), a catalyst element 1 of the present 
invention is produced by supporting a catalyst component with a 



12 



substrate on its surface, and repeatedly forming flat plate 
portions 5 and level-changing portions 4 alternately at an 
interval into a stairs-like. As shown in Fig. 1 (b) , two or 
more catalyst elements 1 are stacked in a frame 2 to form a 
5 catalyst structure having a space which becomes gas flow passage 
3. 

As will be seen from Fig. 1 (a), level-changing portions 4 
in catalyst element 1 are formed by bending opposite directions 
ri a rectangular or square plate-like substrate at a predetermined 

vlO interval in the direction parallel to that of a pair of sides 
1A. As shown in Fig. 2, angle a and angle b of bending at the 
level- changing portions in opposite directions become the same 
HF or about the same. In this connection,, the bending angle a and 

O bending angle b may theoretically be any value, but they are 

fp 

1=45 preferably an obtuse angle close to 90° in usual cases. Length 
□ p of flat plate portions and the height s of level-changing 

portions may be the same, but it is advantageous to select a 
larger value for the length p than the height s, since a 
catalyst structure having a smaller number of corner portions 
20 which are formed at the places where adjoining catalyst elements 
1 are contacted with each other when catalyst elements are 
stacked can be obtained and thus deposition of dust can be 
prevented . 

While any value may be selected for the height s of the 
25 level -changing portions, this value determines the stacking 
space (pitch) between catalyst elements. Accordingly, for a 
catalyst element in which the angle a is around 90° used for 
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purifying an exhaust gas, the space is selected generally in 
smaller than 10 mm and preferably about 6 to about 3 mm. 

While it depends on the height of level-changing portions 
and the interval between level-changing portions, the length d 
where adjoining catalyst elements lie one upon another when they 
are stacked is usually less than 1/2 of the height s of level- 
changing portions and preferably 2 to 5 mm in practical use. 

In the present invention, a catalyst structure as shown in 
Fig. 1 (b) can be obtained by arranging adjoining catalyst 
elements with the position of level -changing portions being 
shifted between adjoining catalyst elements by a predetermined 
length d in turn. While several methods are available for such 
method, a catalyst structure in which the position of level- 
changing portions are regularly shifted is obtained when 
catalyst elements 1 are produced according to the following 
methods : 

(D Plate-like material for a catalyst element is cut to a 
predetermined length in advance, and formed into catalyst 
elements so that the length of flat plat portions p becomes an 
integral multiple of the height s of level-changing portions and 
the position of level-changing portions are each shifted by an 
integral multiple of the height s of level-changing portions. 
(2) Predetermined length of flat plate portions and a 
predetermined height of level-changing portions are continuously 
formed in a flat belt-shaped substrate for a catalyst element, 
and then the flat plate portions are cut in turn such that the 
following relation is established between the whole length W of 
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each of the cut catalyst elements and the distance L between 
adjacent level-changing portions in each of the elements as 
shown in Fig. 3: 

W=nXL+L-d (1) 
5 wherein n represents the number of the level-changing 

portions per one sheet of the element, and d represents a length 
d (constant) which is smaller than L but larger than 0. 

By this method, a large number of catalyst elements 1 can 
O readily be obtained. 

iio As described above, such a catalyst structure as shown in 

g Fig. 1 (b) can readily be obtained by selecting the whole length 

"% W and the distance L between two adjacent level-changing 

portions , recurrently forming the level-changing portions , 
y cutting the substrate each to a predetermined length w, and then 

145 stacking the cut substrates. 

O (3) In an alternative method, when the whole length of catalyst 

element 1 after a predetermined length of flat plate portions 
and predetermined height of level -changing portions was decided 
to be W, catalyst elements can be produced by cutting material 

20 (substrate) 1' which is used for producing catalyst element 1 to 
such a length that the predetermined length W described above 
can be obtained, and then forming the cut materials into 
catalyst elements by using a mold 6 by which distance L can be 
formed as shown in Fig. 4 while shifting by a predetermined 

25 length d. By these procedures, catalyst element 1 which 

satisfies the relation of the equation (1) described above can 
be obtained. 
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Such a catalyst structure as shown in Fig. 1 (b) can readily 
be obtained by stacking in turn the catalyst elements 1 obtained 
by the method described (D in frame 2 . 

While it is desirable that the length of all of the flat 
5 plate portions in the catalyst elements of the present invention 
is the same and the height of all of the level-changing portions 
in the catalyst elements are also the same, it is possible to 
make them in other dimensions unless the object of the present 
^ invention is defeated. 

" 10 As the catalyst elements of the present invention, ones 

which are produced by applying a catalyst component to the 
surface of a ceramic netlike substrate or a netlike metallic 

^ plate such that the catalyst component is filled in the meshes 

=f are preferably used. 

~15 Catalyst elements of the present invention are obtained by 

~ making a substrate for a belt-shaped catalyst element support 

thereon a catalyst component having a catalytic activity before 
or after the belt-shaped substrate is cut into catalyst elements 
having a predetermined whole length. 

20 Also, an apparatus for purifying an exhaust gas comprising 

the catalyst structure described above and placed in a exhaust 
gas flow passage so that the cross section of the stacked 
catalyst elements becomes a flow passage of an exhaust gas is 
included in the scope of the present invention. 

25 In the present invention, adjoining catalyst elements are 

arranged to contact at least three points (A, B, and C) as shown 
in Fig. 6, and thus the catalyst structure becomes a shape by 
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which a deformation by the force in the lateral direction shown 
in the Figure very hardly occurs. 

In contrast thereto, conventional catalyst structures are 
readily deformed when a force in the lateral direction is 
applied (or exerted) as shown in Fig. 5 and thus the distance 
between adjoining catalyst elements, which forms a gas flow 
passage, becomes small. Accordingly, in conventional catalyst 
structures, a sufficient strength was unable to obtain. 

In the catalyst structures of the present invention, gas 
flow passage 3 of a rectangular cross section is formed by 
combining catalyst elements 1, which hardly cause deformation by 
the force in the lateral direction, as basic unit as shown, for 
example, in Fig. 1 (b) . Therefore, the catalyst structures of 
the present invention are very strong, do not produce gaps due 
to lowering of compression between adjoining catalyst elements 
even when used for a long period of time, and do not cause such 
a problem as vibration by the gas flow. The catalyst structures 
of the present invention are stable particularly to vibration. 

Further, in the catalyst structures of the present 
invention, the cross section of gas flow passages formed between 
the catalyst elements in the structures is rectangular. 
Accordingly, the number of corner portions which become a cause 
of dust deposition can remarkably be reduced by selecting a 
sufficiently larger length of the long side in the rectangle 
than that of the short side. Thus, in the catalyst structures 
of the present invention, dust is very hardly deposited compared 
with conventional honeycomb -shaped catalyst structures. 
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Therefore, the catalyst structures of the present invention can 
be used at a smaller pitch even in the uses wherein dust 
concentration is high, and provide compact denitration 
apparatuses . 

5 In the catalyst structures of the present invention, gas 

flow passages formed between catalyst elements 1 are simple as 
shown in Fig. 1 (b) compared with gas flow passages in 
conventional technology as shown, for example, in Fig. 15 (b), 
O and thus blow away of the gas does not occur. Besides, there is 

HfO not a case where gas flow speed locally becomes high. 
O Accordingly, the catalyst structures of the present invention do 

'% not locally wear even if such a gas containing a large amount of 

^ smoke dust as a coal exhaust gas was passed. 

2 Further, an unreasonable stress is not applied when catalyst 

Hi 5 elements 1 are formed because the shape of the level-changing 
O portions 4 formed in each of the substrates for catalyst 

elements is simple in the catalyst structures of the present 
invention as shown in Fig. 1 (a) and the elements are produced 
by forming plate-like substrates into a shape wherein the plate- 
20 like substrates are alternately bent into right angle or an 

obtuse angle close thereto; and there is not a case where the 
elements are torn off or cause lowering in strength. Therefore, 
even thin catalyst elements can readily be formed according to 
the present invention. Since it is not necessary to form a 
25 complex shape in the present invention, it is possible to 

readily obtain catalyst structures in which the pitch between 
adjoining catalyst elements is narrow. 
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Next, Fig. 7 (a) and (fc>) are diagrams for illustrating the 
catalyst element and catalyst structure of a second embodiment 
of the present invention; and Fig. 8 and Fig. 9 illustrate the 
details of the catalyst elements. Catalyst elements in this 
embodiment of the present invention are produced by bending a 
rectangular or square plate on which a catalyst component is 
supported into a stairs-like shape in the direction parallel to 
that of the side 1A of a pair of sides at a predetermined 
interval to alternately form flat plate portions 5 and level- 
changing portions 4 . Difference from the catalyst element shown 
in Fig. 1 is that the angles a and b formed between flat plate 
portions 5 and level-changing portions 4 are designed to be the 
same acute angle. Through such arrangement, it becomes possible 
to stack many catalyst elements of the same shape as shown in 
Fig. 7 (b). In the catalyst elements of the present invention, 
the angle a formed between line 5A which connects corresponding 
vertexes of adjacent level -changing portions and the flat 
surface of level -changing portion 4 is selected to be smaller 
than 90°, preferably 60° to 90°, and more desirably 70° to 85° 
as shown in Fig. 9. While the angle a is varied according to 
the thickness of catalyst pitch and the pitch between catalyst 
elements, 70°, 80°, or 85° is selected in practical use. 

In the catalyst elements of the present invention, level- 
changing portions 4 are provided at both ends of flat plate 
portions 5 along the direction in which the flat plate portions 
and level-changing portions are arranged in a line as shown in 
Fig. 7 (a); and the angle a formed between the flat surface 
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portions of level-changing portions 4 at the both ends and the 
line 5A described above which connects corresponding vertexes of 
adjacent level-changing portions is made to an angle conforming 
to a frame, usually 90°. 
5 Specifically, the catalyst elements of the present invention 

are produced by forming plate-like catalysts which were prepared 
by applying a catalyst component to a metallic substrate, 
ceramic substrate, or the like, into integrated products 
alternately having level -changing portions 4 and flat plate 

10 portions 5 as shown in Fig. 7 (a) by using a pressing device 
provided with heating means. As the device provided with 
heating means, for example, a machining implement such as a 
roller press and flat press can be mentioned. 

Dimensions for forming may basically be any measure, the 

L5 thickness is 0.5 to 2 mm, the length L of flat plate portions is 
20 to 100 mm, and the height h of level-changing portions is 2 
to 10 mm in ordinary catalysts for purifying an exhaust gas as 
shown in Fig. 8. 

One of the characteristics of the second embodiment of the 

20 present invention described above is that the catalyst 

structures are constructed by a method which is an improvement 
of that in the first embodiment of the present invention (Fig. 1 
(a), (b) ) wherein two or more kind of catalyst elements having 
different ends are used. Specifically, catalyst elements having 

25 the same shape are used in the second embodiment. 

Fig. 10 (a) is a diagram showing the condition wherein 
catalyst elements in which the angle a formed between the line 
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which connects corresponding vertexes of adjacent level-changing 
portions and the flat surface of level-changing portions is 
larger than 90° are stacked such that overlapping portion d (cf . 
Fig. 6) becomes 0 in the first embodiment of the present 
5 invention. On the other hand, Fig. 10 (b) is a diagram showing 
the condition wherein two or more catalyst elements in which the 
angle a described above is smaller than 90° are stacked in the 
second embodiment of the present invention. In the case of Fig. 
O 10 (a), it is necessary to stack catalyst elements while 

iJlO overlapping an upper catalyst element and a lower catalyst 
O element by a certain length at vertex portions so that the 

]| position of each catalyst element is shifted by length d in 

j* 8 order to form stabilized catalyst structures. Accordingly, it 

is necessary to prepare catalyst elements of different shapes as 
="3.5 shown in Fig. 1 (b) in order to assemble catalyst elements into 
Q a unit of predetermined dimensions. In the second embodiment of 

the present invention shown in Fig. 7 (b), however, it is 
possible to maintain a certain overlapping portion d at the 
points where adjoining catalyst contacts each other and thus 
20 catalyst structures can be formed only from catalyst elements of 
the same shape even when a large number of catalyst elements are 
stacked up and down without shifting, by making the angle a 
smaller than 90°. Accordingly, the productivity of catalyst 
structures in the second embodiment of the present invention is 
25 considerably increased compared with the first embodiment shown 
in Fig. 1 (a) and (b) . 

While the overlapping portion d described above in the 
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second embodiment of the present invention may be line contact, 
it is usually less than 1/2 of the height of level-changing 
portions in the same manner as in the first embodiment described 
above, and preferably 2 to 5 mm in practical use. 
5 Further, the angle a formed between the flat surface 4A of 

level-changing portions at both ends and line 5A connecting 
corresponding vertexes of adjacent level-changing portions is 
made 90° in the catalyst element of Fig. 7 (b). Based on this 
arrangement, the flat surface 4A of level -changing portions 

10 positioned at the ends of a catalyst element act as a spacer for 
preventing a catalyst element from contacting with an adjoining 
element at the ends, and the 4A of level-changing portion 
described above can support the catalyst's own weight as a face. 
According to the present invention, disorder in distance between 

15 catalyst elements at the ends of catalyst elements described 
above, and insufficient strength caused by the fact that the 
contact of ends of catalyst elements and catalyst frame is line 
contact are resolved, and damage of catalyst elements can be 
prevented . 

20 As described above, a second embodiment of the present 

invention improves the first embodiment described above, and 
achieve such effect that pressure loss and deposition of dust 
are small since the cross section of gas flow passages in 
catalyst structures become close to rectangle in the same manner 

25 as in the first embodiment, that blow away and difference in 
flow speed of a gas come to hardly occur since the number of 
contact points between catalyst elements and catalyst area which 
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become ineffective are small, and the shape of gas flow passages 
becomes uniform, and thus that catalyst performances are 
remarkably improved. 

Catalyst structures of the present invention can be 
5 constructed by assembling catalyst elements of the first or 

second embodiment of the present invention comprising the flat 
plate portions and level-changing portions described above 
through flat netlike products. 
q In the present invention, catalyst elements are produced by 

J10 applying a catalyst paste containing titanium oxide as main 
5 component, and one or more denitration active components of such 

'% oxides as those of vanadium, molybdenum, and tungsten to a 

j" catalyst substrate so that its meshes are filled by the paste, 

S pressing the substrate, and then forming into a specific shape 

715 described above. In the catalyst paste, inorganic fibers and a 
3 bonding agent can be added. 

As the catalyst substrate, a metallic substrate having 
perforations such as a wire cloth and metal lath, a woven fabric 
obtained by weaving yarns of inorganic fibers such as ceramic 
20 and glass fibers into a netlike structure, or a product prepared 
by impregnating or coating the woven fabric with an inorganic 
bonding agent to reinforce thereby to impart rigidity to the 
woven fabric is used. The catalyst substrate affords better 
results as the size of openings therein becomes larger in the 
25 range in which the strength of the substrate at the time of 
being stacked permits. The words "metal lath" in this 
specification means a metallic plate formed into a netlike 
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product by forming a predetermined length of cuts in a metallic 
plate at a predetermined interval in a zigzag pattern, expanding 
the metallic plate in the direction perpendicular to that of the 
cuts by a predetermined force to make a large number of 
5 perforations (small through holes) formed by deformation of the 
cuts . 

As the netlike product described above, a material prepared 
by supporting or coating a catalyst component on the surface of 

Q a netlike product of metallic fibers or inorganic fibers such 

yf.0 that the perforations of the meshes are not clogged can be used. 

g Fig. 12 (a), (b), and (c) are diagrams showing the catalyst 

structure produced by stacking catalyst elements 1 used in the 

:|= present invention through netlike product 23. In the Fig. 12 

5 ( C K catalyst structure 24 comprising a large number of catalyst 
Hl5 elements 1 having flat plate portions 7 and level-changing 

6 portions 8, and netlike products 23 stacked alternately and 
housed in frame 2 is shown. 

According to the catalyst structure described above, a gas 
agitating effect by the netlike product is developed, and thus 

20 catalyst reaction efficiency is increased. In general, in 

catalyst structures in which gas flow passages are formed in the 
direction parallel to that of a gas flow, the gas which flows in 
the passages forms a laminar flow, and the speed at which 
objective components in the center portion of the flow passages 

25 diffuse to the surface of the catalyst becomes remarkably slow. 
In contrast to such structures, since netlike products are 
arranged in the catalyst structures of the present invention 
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described such that the netlike products go across the center 
portion in the gas flow passages, where gas diffusion speed 
becomes slow, the gas flow at the center portion is disturbed by 
Karman's vortexes formed by projections and depressions on the 
5 surface of the netlike products or the netlike products 

themselves. Accordingly, diffusion of objective components to 
the catalyst surface is greatly increased. Hence, in the 
present invention, an extremely high catalyst performances can 
be obtained even by the same amount of catalyst. 

10 Fig. 13 is a schematic diagram showing a part of cross 

section of the catalyst structure of Fig. 12 (c) in the 
direction parallel to that of gas flow. In the Figure, gas flow 
passages 3 are formed between catalyst elements 1. At the 
center portion of gas flow passages 3, netlike products 23 are 

15 placed and Karman's vortexes 26 of an exhaust gas are formed by 
the netlike products 23. 

when woven fabrics of ceramic or glass fibers, or wire 
clothes are employed as netlike product used in the present 
invention, it is preferable to use woven fabrics of ceramic or 

20 glass fibers, or wire clothes in which the diameter of the 
fibers or wires 27 (hereinafter simply referred to as fiber 
diameter) in the direction perpendicular to the gas flow 
direction, that is the direction 29 to which the gas flows is 
larger than the fiber diameter 28 along the gas flow direction. 

25 By this arrangement, gas flow is disturbed to promote catalyst 
reaction, and increase of pressure loss due to deformation of 
gas flow passage is suppressed and gas supply cost can be 
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reduced since the strength of catalyst structures is increased. 

In the present invention, better results can be obtained in 
the strength of catalyst structures and catalyst performances as 
the size of the fibers or wires which are placed in the 
5 direction perpendicular to that of gas flow in the woven fabrics 
or wire clothes disposed between catalyst elements when the 
elements are stacked becomes larger, unless the openings in the 
woven fabrics or wire clothes which are used for disturbing gas 
O flow in the vicinity of the fabrics or clothes are clogged. On 

-ijfLO the other hand, better results can be obtained as the size of 
q the fibers or wires placed in the direction parallel to that of 

2 the gas flow becomes smaller, if it is in the range wherein the 

_4= ' strength of catalyst elements at the time when they are stacked 

!sf. is secured. 

Hi'5 m the present invention, woven fabrics disposed between 

O catalyst elements are prepared by weaving twisted yarns of 

O 

inorganic fibers such as ceramic fibers and glass fibers into 
netlike products. Method of weaving is not specifically 
limited, but plain weaving, skipped plain weaving, or leno 

20 weaving is generally used, and leno weaving provides a 

preferable result in the aspect of strength. Woven fabrics are 
preferably reinforced with an inorganic bonding agent including 
silica and titania to impart rigidity. 

In the present invention, it is preferable to support or 

25 coat a catalyst component on the surface of woven fabrics or 
wire clothes disposed between catalyst elements to such an 
extent that the perforations existing in the meshes of the woven 
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fabrics or wire clothes are not clogged. Catalyst component 
contains, for example, titanium oxide, and one or more oxides of 
vanadium, molybdenum, or tungsten. Woven fabrics or wire 
clothes afford better results as the size of openings therein 
5 become larger in the range wherein the strength of catalyst 
elements at the time of being stacked permits. 

The present invention will be described below in more detail 
with reference to specific Examples. 
D Example 1 

~10 Catalyst substrates were obtained by impregnating netlike 

products prepared by plain weaving twisted yarns each of 1400 E 
glass fibers having a fiber diameter of 9 um at a density of 10 
T ~ yarns/ 2 5. 4 mm with a slurry containing 40 % of titania, 20 % of 

2 silica sol, and 1 % of polyvinyl alcohol, and then drying at 150 

15 °C to impart a rigidity. 

On the other hand, 25 kg of ammonium paramolybdate 
((NH 4 ) 6 • Mo 7 0 24 • 4H 2 0), 23 kg of ammonium metavanadate (NH4VO3), 
and 30 kg of oxalic acid were added to 120 kg of titanium oxide 
having a specific surface area of 270 mVg in a separate step, a 
20 silica sol of 20 % by weight was further added thereto in an 

amount of 8 % by weight in terms of Si0 2 , and then the mixture 
was kneaded while adding water to form a paste. To the paste 
was added 30 kg of kaolin type inorganic fibers (produced by 
Isolite insulating Products Co., Ltd.; trade name Kaowool) and 
25 further kneaded to obtain a paste having a water content of 30.5 
%. 

After the paste thus obtained was placed between two sheet 
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of the substrates of 500 mm wide prepared by the previous 
procedures, and applied on the surface of the netlike product 
and in the meshes thereof by pressing them with a pair of press 
rolls, the substrates were cut to a length of 480 mm to obtain 
5 plate-like catalyst elements of 1.1 mm thick. Subsequently, 
each of the catalyst elements was inserted in mold 6 (Fig. 4) 
having portions which correspond to the level-changing portions 
shown in Fig. 2, and pressed by the mold while being heated to 
dry thereby to form level-changing portions. 
"l0 In this case, the shape of the catalyst elements formed was 

^ as follows : 

Length p of flat plate portions was 44 mm, the height s of 
^ level-changing portions was 4 mm, the angle formed between flat 

; plate portions and level -changing portions was 90° (Fig. 2), and 

15 the position where level-changing portions were formed was 
shifted by a distance d of 4 mm in turn for every catalyst 
element. 

The catalyst elements thus obtained were assembled in a 
metal frame and calcined while being ventilated at 500 °C for 2 
20 hours to obtain a catalyst structure as shown in Fig. 1 (b) . 
Example 2 

Ammonium paramolybdate ((NH 4 ) 6 • Mo 7 0 24 ■ 4H 2 0) in an amount of 
2.4 kg and 1.28 kg of ammonium metavanadate (NH 4 V0 3 ) were added 
to 67 kg of a slurry of metatitanic acid (Ti0 2 content: 30 % by 
25 weight, S0 4 content: 8 % by weight) and kneaded by using a 
heating kneader while evaporating water to obtain a paste 
containing about 36 % of water. Subsequently, this paste was 
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extruded into a rod-like material of 3 <f> , pelletized, dried in 
a fluidized drier, and then calcined in the atmosphere at 250 °c 
for 2 hours. The pellets thus obtained were ground with a 
hammer mill into powders having an average diameter of 5 Atm to 
obtain a first component. Ratio of each component V/Mo/Ti in 
the powders at this time was 4/5/9 (atomic ratio). The powders 
thus obtained in an amount of 20 kg, 3 kg of A1 2 0 3 • Si0 2 type 
inorganic fibers, and 10 kg of water were kneaded by using a 
kneader for 1 hour to make them paste-like. This catalyst paste 
was applied on the surface of SUS304 metal lath substrates 
having a width of 490 mm and a thickness of 0.2 mm and in the 
meshes thereof by using a roller press to obtain a plate-like 
catalyst of 0.9 mm thick. The flat plate-like substrates for 
catalyst elements were formed in turn with press mold 6 having 
portions corresponding to the flat plate portions having a 
length p of 64 mm and seven portions corresponding to the level- 
changing portions having a height s of 6 mm. In this case, the 
substrates were formed into catalyst elements while the position 
where the level-changing portions to be formed being shifted by 
6 mm in turn for every substrate. The catalyst elements thus 
obtained were assembled in a metal frame and calcined while 
being ventilated at 500 °C for 2 hours to obtain a catalyst 
structure as shown in Fig. 1 (b) . 
Comparative Example 1 

After wave-shaped catalyst elements having about the same 
dimensions as those of the catalyst elements in Example 1 were 
formed, a catalyst structure was obtained in the same manner as 
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in Example 1 with the exception that the wave-shaped catalyst 
elements described above were stacked while the direction of the 
upper and lower sides thereof was alternately changed as shown 
in Fig. 15 (b) . 
Comparative Example 2 

After wave-shaped catalyst elements having about the same 
dimensions as those of the catalyst elements in Example 2 were 
formed, a catalyst structure was obtained in the same manner as 
in Example 2 with the exception that the wave- shaped catalyst 
elements described above were stacked while the direction of the 
upper and lower sides thereof was alternately changed as shown 
in Fig. 15 (b) . 

Pressure loss and denitration ratio were determined for each 
of the catalyst structures of Example 1, Example 2, Comparative 
Example 1, and Comparative Example 2 under conditions shown in 
Table 1. The result thus obtained are shown in Table 2. 



Table 1 



Item 


Numerical value 


Exhaust gas temperature (°C) 


350 


Exhaust gas flow rate (m/h) 


7 


AV (catalyst area rate) (m/h) 


34 


Type of exhaust gas 
N0 X concentration (ppm) 
NH 3 concentration (ppm) 


LPG combustion exhaust gas 
80 
96 
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Table 2 



Catalyst 


Pressure loss 
(mm H 2 0/m) 


Denitration ratio 
<%) 


Example 1 


45 


94 


Example 2 


16 


93 


Comparative Example 1 


58 


89 


Comparative Example 2 


21 


86 



From these results, it can be understood that the catalyst 
structures of the present invention are small in pressure loss 
t5 and high in denitration ratio compared with conventional 
s. catalyst structures . In the catalyst structures of Comparative 

Examples, effective cross sectional area of gas flow passages is 
~ reduced to increase pressure loss and gas flow rate is increased 

C at wave portions in the vicinity of mountain (vertex) portions 

-10 at the same time, since a complex wave-shaped structure is 

employed as spacer, and thus only a low denitration ratio is 
obtained. In the contrast thereto, a high denitration ratio can 
be obtained by the catalyst structures of the present invention 
since the shape of gas flow passage therein is approximately 
15 rectangle. 

Besides, the catalyst structures of the present invention 
are excellent even in strength compared with that of Comparative 
Examples . When the catalyst in Example 1 in which ceramic 
substrates were used and the catalyst in Comparative Example 1 
20 was compared in particular, it can be seen that the catalyst 

structure of the present invention brings about the result that 
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deformation of the structure caused by compression and 
disturbance of the shape of gas flow passages are small. 
Example 3 

Catalyst substrates were obtained by impregnating netlike 
products prepared by leno weaving twisted yarns each of 1000 E 
glass fibers having a fiber diameter of 9 Mm at a density of 10 
yarns/25.4 mm with a slurry containing 40 % of titania, 20 % of 
silica sol, and 1 % of polyvinyl alcohol, and then drying at 150 
°C to impart rigidity. 

On the other hand, 25 kg of ammonium paramo lybdate 
( (NH 4 ) 6 ' Mo 7 0 2 4 ■ 4H 2 0) , 23 kg of ammonium metavanadate (NH4VO3), 
and 30 kg of oxalic acid were added to 12 0 kg of titanium oxide 
having a specific area of about 270 m2/g in a separate step, a 
silica sol of 20 % by weight was further added thereto in an 
amount of 8 % by weight in terms of Si0 2 , and then the mixture 
was kneaded while adding water to form a paste. To the paste 
was added 30 kg of kaolin type inorganic fibers (trade name: 
Kaowool) and further kneaded to obtain a paste having a water 
content of 30.5 %. 

After the paste thus obtained was placed between two sheet 
of the substrates of 500 mm wide prepared by the previous 
procedures, and applied on the surface of the netlike product 
and in the meshes thereof by pressing them with a pair of press 
rolls to obtain a band-shaped catalyst of 0.6 mm thick. The 
band- shaped catalyst thus obtained was passed through a pair of 
heated press rolls having the stairs-like shape as shown in Fig. 
2 in which p is 35 mm, s is 3 mm, and a is 100° to continuously 
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form the level -changing portions therein. Subsequently, the 
band- shaped formed product thus obtained was cut to a length of 
487 mm in turn. 

The catalyst elements thus obtained were assembled in a 
5 metal frame and calcined while being ventilated at 500 °C for 2 
hours to obtain a catalyst structure as shown in Fig. 1 (b) . 
Comparative Example 3 

Whereas an experiment for preparing a catalyst structure 
from catalyst elements having a shape homologous to that of the 

10 catalyst elements in Comparative Example 1 and having a mountain 
height of 3 mm was conducted, a catalyst structure having a high 
strength was unable to produce due to the cutting of ceramic 
screens and a low strength of the elements after forming. 
As described above, according to the present invention, 

15 catalyst structures having rectangular gas flow passages of a 
high strength can be obtained by using plate-like catalyst 
elements . The catalyst structures of the present invention make 
it possible to provide exhaust gas purifying apparatuses which 
are small in pressure loss and excellent in denitration 

20 performances. Besides, catalyst structures having a high 

strength can be obtained even when the thickness of catalyst 
elements and the pitch between catalyst elements are small 
according to the present invention, since the catalyst 
structures of the present invention have a simple shape. Based 

25 on these facts, apparatuses which are compact and can purify 

exhaust gases of a high flow rate can be actualized according to 
the present invention. 
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Further, according to the present invention , gas flow 
passages in catalyst structures are not clogged by dust since 
the number of corners where smoke dust in exhaust gases is apt 
to deposit in catalyst structures is small. Accordingly,, 
apparatuses for purifying exhaust gases employing the catalyst 
structure of the present invention can stably be operated for a 
long period of time as apparatus for denitrating exhaust gases 
from boilers which burn a heavy oil or coal. 
Example 4 

Catalyst substrates having a rigidity were obtained by 
impregnating netlike product prepared by plain weaving twisted 
yarns each of 1400 E glass fibers having a fiber diameter of 9 
Atm at a density of 10 yarns/25.4 mm with a slurry containing 40 
% of titania, 20 % of silica sol, and 1 % of polyvinyl alcohol, 
and then drying at 150 °C to obtain catalyst substrates having a 
rigidity . 

On the other hand, 0.25 kg of ammonium paramolybdate 
( (NH 4 ) 6 ■ Mo 7 0 24 • 4H 2 0) , 0.23 kg of ammonium metavanadate (NH4VO3), 
and 0.3 kg of oxalic acid were added to 1.2 kg of titanium oxide 
having a specific surface area of 270 m2/g in a separate step, a 
silica sol of 20 % by weight was further added thereto in an 
amount of 8 % by weight in terms of Si0 2 , and then the mixture 
was kneaded while adding water to form a paste. To the paste 
was added kaolin type inorganic fibers (trade name Kaowool) and 
further kneaded to obtain a paste having a water content of 30.5 
%. 

After the paste thus obtained was placed between two sheet 
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of the substrates of 500 mm wide prepared by the previous 
procedures, and applied on the surface of the netlike product 
and in the meshes thereof by pressing them with a pair of press 
rolls, the substrates were cut to a length of 480 mm to obtain 
5 plate-like catalyst substrates of 0.7 mm thick for catalyst 

elements. Subsequently, each of the substrates was inserted in 
a mold for forming catalyst elements having level-changing 
portions as shown in Fig. 7 (a), and pressed while being heated 
; to dry to form level-changing portions. In this case, the shape 

10 of the catalyst elements formed was as follows: 

Length p of flat plate portions was 44 mm, the height s of 
Z- level-changing portions was 4 mm, the angle a formed between 

flat surface portions 4A in level-changing portions at both ends 
~ and the line which connects corresponding vertexes of adjacent 

15 level-changing portions was 90°, and the angle a formed between 
t flat surface portions in level-changing portions at the portions 

other than edge positions and the line which connects the 
vertexes was 7 0° ( Fig . 9 ) . 

The catalyst elements thus obtained were assembled in a 
20 metal frame and calcined while being ventilated at 500 °C for 2 
hours to obtain a catalyst structure as shown in Fig. 7 (b) . 
Example 5 

Ammonium paramolybdate ((NH 4 ) 6 • Mo 7 0 2 4 * 4H 2 0) in an amount of 
2.4 kg and 1.28 kg of ammonium metavanadate (NH 4 V0 3 ) were added 
25 to 67 kg of a slurry of metatitanic acid (Ti0 2 content: 30 % by 
weight, S0 4 content: 8 % by weight) and kneaded by using a 
heating kneader while evaporating water to obtain a paste 
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containing about 36 % of water. Subsequently, this paste was 
extruded into a rod-like material of 3 <t> , pelletized, dried in 
a fluidized drier, and then calcined in the atmosphere at 250 °C 
for 2 hours. The pellets thus obtained were ground with a 
hammer mill into powders having an average diameter of 5 £tm to 
obtain a first component. Ratio of each component V/Mo/Ti in 
the powders at this time was 4/5/9 (atomic ratio). 

The powders thus obtained in an amount of 20 kg, 3 kg of 
A1 2 0 3 ■ Si0 2 type inorganic fibers, and 10 kg of water were 
kneaded by using a kneader for 1 hour to make them paste-like. 
This catalyst paste was applied on the surface of SUS304 metal 
lath substrates having a width of 490 mm and a thickness of 0.2 
mm and in the meshes thereof by using a roller press to obtain a 
plate-like catalyst substrates of 0.9 mm thick. The substrates 
were formed into catalyst elements in turn with a press mold 
designed to form catalyst elements having the length L of the 
flat plate portions of 64 mm, the height h of the level-changing 
portions of 6 mm (Fig. 8), the angle a formed between the flat 
surface portions 4A in level-changing portions at both ends and 
the line which connects corresponding vertexes of adjacent 
level -changing portions of 90°, and the angle a formed between 
the flat surface portions in level-changing portions at the 
portions other than the edge positions and the line which 
connects the corresponding vertexes of 80° (Fig. 9). 

The catalyst elements thus obtained were assembled in a 
metal frame and calcined while being ventilated at 500 °C for 2 
hours to obtain a catalyst structure as shown in Fig. 7 (b) . 
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Comparative Example 4 

Catalyst structure of Comparative Example 4 was prepared in 
the same manner as in Example 4 described above with the 
exception that the catalyst elements were stacked while the 
5 direction of the upper and lower sides was alternately changed 
as shown in Fig. 15 (b) after substrates for catalyst elements 
were formed into wave-form having the same dimensions as those 
of the catalyst in the Example 4. 
T Comparative Example 5 

-10 Catalyst structure of Comparative Example 5 was prepared in 

-~ the same manner as in Example 5 described above with the 

- exception that the catalyst elements were stacked while the 

~^ direction of the upper and lower sides was alternately changed 

^ as shown in Fig. 15 (b) after substrates for catalyst elements 

-15 were formed into wave-form having the same dimensions as those 
of the catalyst in the Example 5. 

Pressure loss and denitration ratio were determined for each 
of the catalyst structures of Examples 4 and 5, and Comparative 
Examples 4 and 5 under conditions shown in Table 3. The result 
20 thus obtained are shown in Table 4. 
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Item 


Numerical value 


Exhaust gas temperature (°C) 


350 


Exhaust gas flow rate (m/s) 


7 


AV (catalyst area rate) (m/h) 


34 


Type of exhaust gas 
N0 X concentration (ppm) 
NH 3 concentration (ppm) 


LPG combustion exhaust gas 
80 
96 


Table 4 



Catalyst 


Pressure loss 
(mm H 2 0/m) 


Denitration ratio 
<%) 


Example 4 


44 


96 


Example 5 


17 


94 


Comparative Example 4 


58 


89 


Comparative Example 5 


21 


86 



From Table 4, it can be understood that the catalyst 
structures of Examples 4 and 5 are small in pressure loss and 
high in denitration ratio compared with those of Comparative 
Examples. That is, the catalyst structures of the Examples of 
the present invention are high in mechanical strength since the 
shape of cross section of gas flow passages is close to a 
rectangle, and besides the catalyst structures of the Examples 
have a large effective surface area. Accordingly, the catalyst 
structures of the present invention can make the pressure loss 
small. Further, the catalyst structures of the present 
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invention can achieve a uniform distribution of exhaust gas flow 
rate and a high denitration ratio since the catalyst elements do 
not have such a complex shape as that in Comparative Examples. 
Besides, the catalyst structures of the present invention are 
5 excellent even in strength compared with those of Comparative 

Examples . When Example 4 in which ceramic substrates were used 
and Comparative Example 4 was compared in particular, it can be 
seen that the catalyst structure of Example 4 brings about the 
result that deformation of the structure and disturb-ance of the 
10 shape of gas flow passages due to compression are small. 

That is, the catalyst elements of Examples 4 and 5 can avoid 
damages even when, for instance, ceramic substrates are used 
Z since their shape is simple. Further, catalyst structures 

=_ having a high strength can be obtained even when the thickness 

,15 of catalyst elements and the pitch between catalyst elements are 

small according to the present invention. Accordingly, the 
^ catalyst structures of the present invention can sufficiently 

cope with the demand of being compact and treating exhaust gases 
at a high flow rate. 
20 Example 6-1 

Catalyst substrates were obtained by impregnating netlike 
products prepared by leno weaving twisted yarns each of 1000 E 
glass fibers having a fiber diameter of 9 £tm at a density of 10 
yarns/25.4 mm with a slurry containing 40 % of titania, 20 % of 
25 silica sol, and 1 % of polyvinyl alcohol, and then drying at 150 
°C to impart a rigidity. 

Next, the paste obtained in Example 4 containing 30.5 % of 
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water was placed between two sheet of the substrates of 500 ram 
wide prepared by the previous procedures, and applied on the 
surface of the netlike products and in the meshes thereof by 
pressing them with a pair of press rolls to obtain a belt-shaped 
5 catalyst substrates of 0.6 mm thick. The substrates thus 

obtained were cut to a length of 480 mm and pressed with a pair 
of stairs-like heated molding press having dimensions and angles 
corresponding to a catalyst element having the length L of the 
== flat plate portions 5 of 35 mm and the height h of the level- 

=10 changing portions 4 of 3 mm (Fig. 8), the angle a formed 
S between the flat surface portions 4A in level-changing portions 

W at both ends and the line which connects vertexes of adjacent 

=P level-changing portions of 90° , and the angle a formed between 

O the flat surface portions in level -changing portions at the 

H=15 places other than the ends and the line which connects the 
S vertexes of 85° (Fig. 9) to form catalyst elements. The 

^ catalyst elements thus obtained were assembled in a metal frame 

and calcined while being ventilated at 500 °C for 2 hours to 
obtain a catalyst structure as shown in Fig. 7 (b). 
20 Example 6-2 

Catalyst elements similar to those of Example 6-1 were 
prepared in the same manner as in Example 6-1 with the exception 
that all of the angles a formed between all of the flat surface 
portions in level-changing portions including those at both ends 
25 of the elements and the line which connect corresponding 

vertexes of adjacent level-changing portions were made to be 
97 a . The catalyst elements thus obtained were assembled in a 
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metal frame and calcined while being ventilated at 500 °C for 2 
hours to obtain a catalyst structure as shown in Fig. 1 (b). 

Catalyst structures obtained in Example 6-1 and Example 6-2, 
respectively, were loaded upon the deck of a truck with the 
5 elements being directed to vertical direction as shown in Fig. 

11. The truck was driven on a normal road for two hours and the 
extent of displacement and damages of the catalyst elements were 
inspected. In the catalyst structure of Example 6-1, 
~ displacement or damage of catalyst elements after the test was 

10 not noticed since the ends of catalyst elements were supported 
= by the flat surface in level-changing portions and the level- 

changing portions at the end acted also as spacer. In contrast 
thereto, in the catalyst structure of Example 6-2, end portions 
~ damaged by the shocks at the time of the driving and a 

JL5 phenomenon in which the distance between the elements at the 
~Z ends became uneven were noticed. 

From these facts, it is clear that the second embodiment of 
the present invention is an improvement of the first embodiment, 
and the catalyst structures of the second embodiment are 
20 excellent ones having a sufficient strength. 
Example 7 

Catalyst substrates were obtained by impregnating netlike 
products prepared by plain weaving twisted yarns each of 1400 E 
glass fibers having a fiber diameter of 9 At m at a density of 10 
25 yarns/ 2 5. 4 mm with a slurry containing 40 % of titania, 20 % of 
silica sol, and 1 % of polyvinyl alcohol, and then drying at 150 
"C to impart a rigidity. 
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On the other hand, 0.25 kg of ammonium paramolybdate 
( (NH 4 ) 6 • Mo 7 0 2 4 • 4H 2 0) , 0.23 kg of ammonium metavanadate (NH4VO3), 
and 0.3 kg of oxalic acid were added to 1.2 kg of titanium oxide 
having a specific surface area of 270 m 2 /g in a separate step, a 
5 silica sol of 20 % by weight was further added thereto in an 

amount of 8 % by weight in terms of Si0 2 , and then the mixture 
was kneaded while adding water to form a paste. To the paste 
was added kaolin type inorganic fibers (trade name Kaowool) in 

Q an amount of 15 % by weight and further kneaded to obtain a 

U|0 paste having a water content of 30.5 %. 

p After the paste thus obtained was placed between two sheet 

5 of the catalyst substrates of 500 mm wide prepared by the 

J° previous procedures, and applied on the surface of the netlike 

5S product and in the meshes thereof by pressing them with a pair 

|! js of press rolls, the substrates were cut to a length of 480 mm to 
O obtain plate-like catalyst substrates of 0.7 mm thick. 

Subsequently, each of the substrates was inserted in a mold and 
pressed while being heated to dry to form catalyst elements 
having many flat plate portions having a length L of 44 mm and 
20 level-changing portions having a height h of 1.8 mm. The 

catalyst elements thus obtained were stacked through netlike 
products which were prepared by cutting a woven fabric composed 
of E glass fibers, imparted with a rigidity described above, and 
used as catalyst substrates to a square of 480 mm per side, 
25 placed in a metallic frame, and calcined while being ventilated 
at 500 °C for 2 hours to obtain a catalyst structure. 
Example 8 
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Ammonium metatungstate ( (NH 4 ) 6 • H2W12O40 • 23H 2 0) in an amount 
of 3.8 kg and 1.28 kg of ammonium metavanadate (NH4VO3) were 
added to 67 kg of a slurry of metatitanic acid (Ti0 2 content: 30 
% by weight, S0 4 content: 8 % by weight) and kneaded by using a 
5 heating kneader while evaporating water to obtain a paste 

containing about 36 % of water. Subsequently, this paste was 
extruded into a rod-like material of 3 <f> , pelletized, dried in 
a fluidized drier, and then calcined in the atmosphere at 250 °C 
£3 for 2 hours. The pellets thus obtained were ground with a 

ylO hammer mill into powders having an average diameter of 5 u.m. 
p The powders thus obtained in an amount of 20 kg, 3 kg of Al 2 0 3 • 

j= Si0 2 type inorganic fibers, and 10 kg of water were kneaded by 

T using a kneader for 1 hour to make them paste-like. This 

y catalyst paste was applied on the surface of SUS304 metal lath 

^15 substrates having a width of 490 mm and a thickness of 0.2 mm 
O and in the meshes thereof by using a roller press to obtain a 

plate-like catalyst substrates of 0.9 mm thick. The flat 
catalyst substrates were formed with a press mold into catalyst 
elements so that the length L of flat plate portions in the 
20 catalyst elements became 60 mm and the height h of level- 
changing portions became 5 mm. The catalyst elements thus 
obtained were stacked through the netlike products which were 
prepared by cutting the SUS304 metal lath substrates described 
above and used as substrates for catalyst elements to a square 
25 of 480 mm per side, placed in a metallic frame, and calcined 

while being ventilated at 500 °C for 2 hours to obtain a catalyst 
structure. 
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Examples 9 and 10 

Ammonium paramolybdate ( (NH 4 ) 6 • Mo 7 0 24 ■ 4H 2 0) in an amount of 
0.25 kg, 0.23 kg of ammonium metavanadate (NH 4 V0 3 ) , and 0.3 kg of 
oxalic acid were added to 1.2 kg of titanium oxide having a 
5 specific surface area of 270 m2/g, and the mixture was kneaded 
while adding water to form a clay-like material and then 
extruded into a rod-like material of 3 4> , and then pelletized 
by using an extruder and pelletizer. The pellets thus obtained 
~ were dried, calcined at 250 °C for 2 hours, ground with a 
JO pulvelizer to obtain catalyst powders more than 60 % of which 
had particle diameter of less than 1 Mm. Water was added to 
~ the powders thus obtained to prepare a catalyst slurry having a 

solid content of 40 %. Netlike products used in Examples 7 and 
rf 8, respectively, were impregnated with the catalyst slurry, 

; 15 pulled up from the slurry, subjected to an air blow to remove an 
^ excess amount of the slurry existing in the meshes of the 

netlike products, and then further dried to obtain netlike 
products on the surface of which the catalyst component was 
coated. Catalyst structures of Example 9 and Example 10 were 
20 obtained by using the netlike products obtained in the same 

manner as in Example 7 and Example 8 with the exception that the 
netlike products in Examples 9 and 10 were used in place of 
those in Examples 7 and 8. 

With respect to the catalyst structures in Examples 7 to 10, 
25 deformation of the shape of gas flow passages at both ends of 
catalyst structures were examined, and denitration performance 
was determined under the conditions shown in Table 5 . The 
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results thus obtained are shown in Table 6. 



Table 5 



Item 


Numerical value 


N0 X concentration (ppm) 


80 


NH 3 /NO x (-) 


1.2 


Temperature (°C) 


350 


SV (h-i) 


45,000 



Table 6 



Example 


Cata- 
lyst 

component 


Netlike product 


Deformation 
of shape of 
gas flow 
passages at 
both ends 


Denitra- 
tion 
ratio 
<%> 


7 


Ti/Mo/V 


Reinforced woven 
fabric of glass 
fibers 


None 


79.6 


8 


Ti/W/V 


Metal lath 


None 


65.2 


9 


Ti/Mo/V 


Reinforced woven 
fabric of glass 
fibers coated with 
catalyst 


None 


90.1 


10 


Ti/W/V 


Metal lath coated 
with catalyst 


None 


84.1 



As will be seen from Table 6, in Examples 7 and 8, 
deformation of the shape of gas flow passages at both ends of 
catalyst structures was not noticed, and denitration ratio was 
increased due to the gas flow disturbing (agitating) effect 
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caused by the netlike products disposed between catalyst 
elements compared with the case wherein netlike products were 
not used. From these facts, it can be understood that the 
catalyst structures of the present invention have a high 
5 strength, uniform gas flow passages, and an increased 
denitration ratio. 

Next, when Examples 7 and 8 were compared with Examples 9 
and 10, it can be seen that a catalyst performance is increased 
p in Examples 9 and 10 compared with Examples 7 and 8 due to the 

y|0 fact that netlike products coated with a catalyst component were 
g used and thus the catalyst is positioned in gas flow passages 

which have the largest gas flow disturbing effect. 
+= As described above, according to the present invention, not 

D only catalyst structures which hardly cause the clash or 

145 deformation of gas flow passages and have a high strength can be 
o obtained, but also catalyst performances are remarkably 

improved . 
Example 11 

Catalyst substrates were obtained by impregnating netlike 
20 products prepared by plain weaving by using twisted yarns each 
of 800 E glass fibers having a fiber diameter of 9 £tm as warps 
and twisted yarns each of 2000 the glass fibers as wefts at a 
density of 10 yarns/25.4 mm with a slurry containing 40 % of 
titania, 20 % of silica sol, and 1 % of polyvinyl alcohol, and 
25 then dried at 150 °C to impart a rigidity. 

On the other hand, 0.25 kg of ammonium paramolybdate 
((NH 4 ) 6 • Mo 7 0 24 * 4H 2 0), 0.23 kg of ammonium metavanadate (NH 4 V03), 
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and 0.3 kg of oxalic acid were added to 1.2 kg of titanium oxide 
having a specific surface area of 270 m 2 /g in a separate step, a 
silica sol of 20 % by weight was further added thereto in an 
amount of 8 % by weight in terms of Si0 2/ and then the mixture 
was kneaded while adding water to form a paste. To the paste 
was added kaolin type inorganic fibers {trade name Kaowool) in 
an amount of 15 % by weight and further kneaded to obtain a 
paste having a water content of 30.5 %. 

After the paste thus obtained was placed between two sheet 
of the substrates of 500 mm wide prepared by the previous 
procedures, and applied on the surface of the netlike product 
and in the meshes thereof by pressing them with a pair of press 
rolls, the substrates were cut to a length of 480 mm to obtain 
plate-like catalyst substrates of 0.7 mm thick. Subsequently, 
each of the catalyst substrates was inserted in a mold and 
pressed while being heated to dry to form catalyst elements 1 
having level-changing portions as shown in Fig. 12 (a). 

The catalyst elements 1, and woven fabrics 23 prepared by 
cutting the catalyst substrates which were bestowed with a 
rigidity in advance and described above to a square of 480 mm 
per side and used to obtain catalyst structures were alternately 
stacked as shown in Fig. 12 (c). At this time, the fabrics were 
arranged so that the direction of the warps became parallel to 
that of gas flow. The stacked elements thus obtained were 
placed in a metallic frame 2 and calcined while being ventilated 
at 500 °C for 2 hours to obtain a catalyst structure. 
Example 12 
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Titanium oxide (Ti0 2 ) powders, ammonium metatungstate 
( (NH 4 ) 6 • H2W12O40 • 23H 2 0) , and ammonium metavanadate (NH4VO3) were 
weighed, respectively, such that the molar ratio of Ti/W/V 
became 89/5/6. Water was added to the mixture in an amount of 
5 30 % by weight based on the amount of the titanium oxide 

described above and kneaded for 30 minute, and kaolin type 
inorganic fibers (trade name Kaowool) was further added thereto 
in an amount of 25 % by weight based on the amount of the 
p titanium oxide and kneaded for 30 minutes to obtain a catalyst 

jy|0 paste. The catalyst paste was applied to substrates of ceramic 
p fiber woven fabrics having a width of 500 mm and thickness of 

0.34 mm to obtain flat plate-like catalyst substrates of 0.7 mm 
^ thick. The catalyst substrates were cut to a square of 480 mm 

y per side and formed by using a heating mold to obtain catalyst 

Hi5 elements having level-changing portions parallel to that of one 
O side thereof. 

On the other hand, a woven fabric prepared by leno weaving 
by using twisted yarns of 200 and 800 E glass fibers having a 
fiber diameter of 9 /xm as warps and wefts, respectively, was 
20 cut to a square of 480 mm per side and used as woven fabrics to 
obtain a catalyst structure. Density of the woven fabrics 
having meshes was 9.8 yarns/25 mm. 

The catalyst elements thus obtained and the woven fabrics 
were alternately stacked with the direction of the warps being 
25 arranged to be parallel to that of gas flow, placed in a 

metallic frame, calcined while being ventilated at 500 °C for 2 
hours to obtain a catalyst structure. 
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Example 13 

Ammonium paramolybdate ( ( NH 4 ) 6 ■ Mo 7 0 24 ■ 4H 2 0 ) in an amount of 
0.25 kg, 0.23 kg of ammonium metavanadate (NH 4 V0 3 ), and 0.3 kg of 
oxalic acid were added to 1.2 kg of titanium oxide having a 
5 specific surface area of 270 mVg, and the mixture was kneaded 

while adding water to form a clay-like material, extruded into a 
rod-like material of 3 <f> , and then pellet ized by using an 
extruder and pelletizer. The pellets thus obtained were dried, 
p calcined at 550 °C for 2 hours, ground with a pulvelizer to 

=5*0 obtain catalyst powders more than 60 % of which had particle 
r-J diameter of less than 1 Mm. Water was added to the powders 

% thus obtained to prepare a catalyst slurry having a solid 

j= content of 40 %. Netlike products used in Examples 11 were 

? ;f impregnated with the catalyst slurry, pulled up from the slurry, 

§5 subjected to an air blow to remove an excess amount of the 
S slurry existing in the meshes of the netlike products, and then 

~ dried to obtain woven fabrics on the surface of which the 

catalyst component was coated. Similar catalyst structure was 
obtained in the same manner as in Example 11 with the exception 
20 that the woven fabrics obtained were used as those to be 
disposed between catalyst elements . 
Example 14 

Catalyst structure was obtained in the same manner as in 
Example 11 with the exception that the density of the woven 
25 fabrics and the wefts in Example 11 were changed to 9 yarns/25.4 
mm and twisted yarns of 2220 E glass fibers, respectively. 
Example 15 
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Catalyst structure was obtained in the same manner as in 
Example 11 with the exception that the density of the woven 
fabrics and the wefts in Example 11 were changed to 8 yarns/25.4 
mm and twisted yarns of 2500 E glass fibers, respectively. 
5 (Comparative Example 6 was skipped. ) 
Comparative Example 7 

Catalyst structure was obtained in the same manner as in 
Example 11 with the exception that the number of E glass fibers 
in both twisted yarns for the warps and wefts in Example 11 was 
JrO changed to 1400. 

Comparative Example 8 
~Z Catalyst structure was obtained in the same manner as in 

_E= Example 11 with the exception that the number of E glass fibers 

-= in both twisted yarns for the warps and wefts in Example 11 was 

■45 changed to 2000. 

_l With respect to the catalyst structures in Examples 11, 14, 

and 15, and Comparative Examples 7 and 8, the shape of woven 
fabrics were examined, and denitration performance was 
determined under the conditions shown in Table 7 . The results 

20 thus obtained are shown in Table 8. 



Table 7 



Item 


Numerical value 


N0 X concentration (ppm) 


80 


NH 3 /NO x (-) 


1.2 


Temperature ( °C ) 


350 


SV (h-i) 


45,000 
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Table 8 





Density of 
fabrics 
(number of 
yarns/25.4 
mm) 


Number of twisted 
yarns 


Ratio of 
openings 
in woven 
fabrics 
(%) 


Denitra- 
tion 

ratio (%) 


Warps 


Wefts 


Example 
11 


10 


800 


2000 


62 


80.7 


Example 
14 


9 


800 


2220 


62 


81.6 


Example 
15 


8 


800 


2500 


62 


83.4 


Comp. 

Example 7 


10 


1400 


1400 


62 


79.6 


Comp. 

Example 8 


10 


2000 


2000 


48 


75.1 



From Table 8, it can be understood that when denitration 
ratio was compared between Example 11 and Comparative Example 1 , 

5 denitration ratio in Example 11 in which yarns having a larger 

diameter were arranged in the direction perpendicular to that of 
gas flow was higher than Comparative Example 7 in which the 
diameter of yarns was the same in two directions of vertical and 
horizontal. Besides, from the comparison between Comparative 

0 Example 7 and Comparative Example 8, it can be seen that 

denitration ratio is decreased when the diameter of yarns in 
both directions of vertical and horizontal were made larger. 
This is considered to be based on the fact that the ratio of 
openings in woven fabrics is lowered and the disturbance of gas 
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flow was reduced in this case. Further, when Examples 11, 14, 
and 15 were compared, it can be understood that when the ratio 
of the openings is the same, the larger the diameter of yarns in 
the direction perpendicular to that of gas flow and thus the 
larger the size of openings in woven fabrics, the larger the 
size of meshes in woven fabrics, the higher becomes denitration 
ratio . 
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CLAIMS 

1 . A catalyst structure for purifying an exhaust gas 
comprising a stack of two or more catalyst elements and a frame 
to house the stack, 

5 each of the catalyst elements being formed by bending a 

rectangular or square plate supporting a catalyst component on 
its surface into a shape of stairs in the direction parallel to 
that of a pair of sides of the plate at a predetermined interval 
so that flat plate portions and level-changing portions are 
10 alternately formed in the element, 

~ : the catalyst elements being stacked such that the position 

of the level -changing portions are shifted by a predetermined 
length between adjoining catalyst elements, and 
Z the catalyst elements forming gas flow passages having a 

15 rectangular or rhombic cross section between the adjoining 
catalyst elements. 

2 . The catalyst structure for purifying an exhaust gas 
according to claim 1 wherein a catalyst element in the stack is 
contacted with adjoining catalyst elements at three or more 

20 points at the ends of the level-changing portions and in the 
vicinity thereof in total to support each other. 

3 . The catalyst structure for purifying an exhaust gas 
according to claim 1 or 2 wherein the length of the flat plate 
portions and the height of the level -changing portions are the 

25 same in each of the catalyst elements . 

4 . The catalyst structure for purifying an exhaust gas 
according to claim 1 or 2 wherein a relation of 
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p>s 

exists between the length p of the flat plate portions and the 
height s of the level-changing portions in the catalyst 
elements, and the angle formed between the level-changing 
portions and the flat plate portions in the catalyst elements is 
90° or more. 

5. The catalyst structure for purifying an exhaust gas 
according to claim 1 or 2 wherein the length of each of the 
catalyst elements is an integral multiple of the sum of the 
height of the level-changing portions and the length of the flat 
plate portions. 

6 . The catalyst structure for purifying an exhaust gas 
according to any one of claims 1 to 5 wherein each of the 
catalyst elements are formed by applying a catalyst component 
containing at least two metals selected from the group 
consisting of titanium, vanadium, molybdenum, and tungsten to a 
metallic, ceramic, or glass netlike substrate such that the 
catalyst component is filled in the meshes of the netlike 
substrate . 

7 . A catalyst element used for the catalyst structure for 
purifying an exhaust gas defined in claim 1 and formed by 
bending a rectangular or square plate supporting a catalyst 
component on its surface into a shape of stairs in the direction 
parallel to that of a pair of sides of the plate at a 
predetermined interval so that flat plate portions and level- 
changing portions are alternately formed in the element. 

8. A process for producing a catalyst structure for purifying 
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an exhaust gas comprising forming a predetermined length of flat 
plate portions and a predetermined height of level-changing 
portions alternately in a belt-shaped substrate for catalyst 
element so that a stairs-like substrate is prepared, cutting in 
turn the flat plate portions of the stairs-like substrate thus 
obtained in the direction parallel to that of the edges formed 
by the level -changing portions and the flat plate portions such 
that the following relation is established between the whole 
length W of each of the cut catalyst elements and the distance L 
between adjacent level -changing portions in each of the 
elements : 

W=nXL+L-d 

wherein n represents the number of the level-changing 
portions per one sheet of the element, and d represents a 
constant which is smaller than L but larger than 0, 
to form two or more catalyst elements, and then stacking the 
catalyst elements . 

9. The process for producing a catalyst structure for 
purifying an exhaust gas according to claim 8 wherein a catalyst 
component having a catalytic activity is supported on the belt- 
shaped substrate for an catalyst element before or after the 
belt-shaped substrate is cut into catalyst elements having a 
predetermined whole length of W. 

10. A process for producing a catalyst structure for purifying 
an exhaust gas comprising cutting in advance a belt-shaped 
substrate for catalyst element to such a predetermined length 
that the following relation is established between the whole 
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length w of each of the catalyst elements and the distance L 
between adjacent level -changing portions in each of the elements 
to be formed: 

W=n XL + L- d 

wherein n represents the number of the level-changing 
portions per one sheet of the element, and d represents a 
constant which is smaller than L but larger than 0, 
to obtain two or more unit catalyst elements, forming a 
predetermined length of flat plate portions and a predetermined 
height of level-changing portions alternately in each of the 
catalyst elements so that the position of the flat plate 
portions and the level -changing portions to be formed are each 
shifted by a length of d between adjoining catalyst elements, 
and then stacking the catalyst elements. 

11. The process for producing a catalyst structure for 
purifying an exhaust gas according to claim 10 wherein a 
catalyst component is supported on the belt-shaped substrate for 
catalyst element before or after the substrate is cut into 
catalyst elements having a predetermined whole length of W. 

12. A catalyst structure for purifying an exhaust gas 
comprising a stack of two or more catalyst elements and a frame 
to house the catalyst elements, 

each of the catalyst elements being shaped in stairs-like by 
alternately forming flat plate portions and level -changing 
portions therein, 

in each of the catalyst elements, the angle formed between 
the line which connects corresponding vertexes of adjacent 
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level -changing portions in a catalyst element and the flat 
surface in the level -changing portion being less than 90°, 

the catalyst elements being stacked so that adjoining 
catalyst elements are contacted with each other at least at a 
vertex of a catalyst element, and 

the catalyst elements forming gas flow passages having a 
rectangular or rhombic cross section between the adjoining 
catalyst elements. 

13. The catalyst structure for purifying an exhaust gas 
according to claim 12 wherein the catalyst elements are housed 
with both ends in the direction in which the flat plate portions 
and level-changing portions are formed in a line being level- 
changing portions . 

14. The catalyst structure for purifying an exhaust gas 
according to claim 12 or 13 wherein the angle formed between the 
flat surface of the level-changing portion at the ends of the 
catalyst element and the line which connects corresponding 
vertexes of the level -changing portions being 90°. 

15. The catalyst structure for purifying an exhaust gas 
according to any one of claims 12 to 14 wherein the catalyst 
elements are formed by applying a catalyst component containing 
at least two metals selected from the group consisting of 
titanium, vanadium, molybdenum, and tungsten to a metallic, 
ceramic, or glass netlike substrate so that the catalyst 
component is filled in the meshes of the netlike substrate. 

16. The catalyst structure for purifying an exhaust gas 
according to any one of claims 12 to 15 wherein the catalyst 
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elements are stacked through a metallic, ceramic, or glass 
netlike member interposed therebetween and having a large number 
of perforated holes . 

17. The catalyst structure for purifying an exhaust gas 
according to claim 16 wherein the net like member interposed 
between the catalyst elements is a wire cloth, or a woven fabric 
of ceramic or glass fibers. 

18. The catalyst structure for purifying an exhaust gas 
according to claim 16 or 17 wherein the diameter of the wires or 
fibers in the wire cloth, or woven fabric of ceramic or glass 
fibers, in the direction perpendicular to that of gas flow is 
larger than the diameter of the wires or fibers in the direction 
along that of the gas flow. 

19. The catalyst structure for purifying an exhaust gas 
according to any one of claims 16 to 18 wherein the ceramic or 
glass fiber woven fabric is reinforced by impregnating it with 
an inorganic binding material. 

20. The catalyst structure for purifying an exhaust gas 
according to claim 17 or 18 wherein a catalyst component 
containing at least one metal selected from the group consisting 
of titanium, vanadium, molybdenum, and tungsten is supported on 
the surface of the wire cloth, or woven fabric of ceramic or 
glass fibers . 

21. An apparatus for purifying an exhaust gas comprising the 
catalyst structure defined in any one of claims 1 to 6, and 12 
to 20 placed in an exhaust gas flow passage. 

22. A process for purifying an exhaust gas by using the 
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apparatus for purifying an exhaust gas defined in claim 21. 
23. A process for purifying an exhaust gas comprising 
decomposing and removing nitrogen oxides in an exhaust gas by 
using the apparatus for purifying an exhaust gas defined in 
claim 21. 
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ABSTRACT 

The catalyst structure of the present invention for 
purifying an exhaust gas is preferable for increasing the 
contact of an exhaust gas, to be treated, with a catalyst by 
disturbing the flow of the exhaust gas in a gas flow passage 
thereby obtain a highly efficient and compact apparatus for 
treating the exhaust gas. Such catalyst structure is produced 
by forming two or more catalyst elements each supporting a 
catalyst component on its surface and having flat plate portions 
and level-changing portions formed alternately therein with the 
angle formed between the flat plate portion and the level- 
changing portion being in a specific range, and then stacking 
the catalyst elements in a frame. A catalyst structure is also 
obtained by stacking a large number of the catalyst elements 
described above through metallic, ceramic, or glass netlike 
members interposed therebetween and each having a large number 
of perforated holes. The catalyst structure has such advantages 
that dust is hardly deposited between the catalyst elements, 
that a sufficiently high strength can be obtained even when the 
thickness of catalyst elements is reduced, and that the catalyst 
structure can be placed in an exhaust gas flue to use as an 
exhaust gas treating apparatus. When the exhaust gas treating 
apparatus is employed, an efficient exhaust gas treatment can be 
effected without damaging the catalyst elements while repressing 
the pressure loss. 
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